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RESEARCH NEEDS: PINE VOLE DEPREDATIONS 
G. K. LaVoie and H. P. T i e t j e n  
Pine vo les  ( P i t  m s  inetorum (Audubon and Bachman), o r  Micro tus  
p ine to rum ~ L e C o n G d % ~ p e s t s  o f  s i g n i f i c a n t  economic importance t o  
o rcha rd i s t s  i n  severa l  eastern and nor theastern  s ta tes .  The purpose 
o f  t h i s  r e p o r t  i s  t o  s e l e c t i v e l y  rev iew t h e  s t a t u s  o f  p ine  v o l e  
research from t h e  con t ro l ,  h i o l o g i c a l ,  eco log ica l ,  and behav iora l  
aspects, and t o  recornend the research needed t o  develop e f f e c t i v e ,  
economical, and s a f e  programs f o r  c o n t r o l  l i n g  t h i s  problem. 
THE PINE VOLE PROBLEM 
Pine vo les  are causing an es t imated annual $50 m i l l i o n  l o s s  i n  
app le  product ion  i n  eastern  and nor theastern  U.S. These animals are  
considered by  many o r c h a r d i s t s  t o  be t h e  most se r i ous  animal pes t  i n  
orchards. No o t h e r  pest-caused a g r i c u l t u r a l  problem i s  d r i v i n g  
o r c h a r d i s t s  ou t  o f  business. On severa l  farms i n  New York State,  more 
than 75 percent  o f  t h e  t r e e s  have been k i l l e d  h y  p ine voles.  
D i r e c t  l o s s  i n  New York alone i s  es t imated a t  $12 m i l l i o n  annu- 
a l l y .  McCue (1977) es t imated the  reduc t i on  i n  apple p roduc t i on  i n  
V i r g i n i a  f o r  t h e  p e r i o d  1973-75 a t  $11 m i l  l i o n  annual1 y. These 
est imates probab ly  are conservat ive.  Apple growers, ex tens ion spe- 
c i a l i s t s ,  researchers,  and i n d u s t r y  o rgan i za t i ons  have descr ibed s ig -  
n i f i  cant losses o f  apple t r e e s  and reduced v i g o r  i n  damaged t r e e s  
throughout t h e  range o f  t h e  p ine  vo le  (Pearson 1977, Smith 1977, Ko lbe 
1977, McCue 1977, C la rk  1977, B u t l e r  1977, Showal t e r  1977, Lowe 1977, 
Barber 1977, Ferguson 19771. 
Damage t o  food crops hy p ine  vo les  was noted over 100 years ago by  
K e n n i c o t t  118571. Hamil t on  (1935) es t imated t h a t  o rchard  mice 
(M ic ro tus  spp.) caused a  $500,000 annual l o s s  t o  f r u i t  t r e e s  i n  New 
York, and he repo r ted  a  s i m i l a r  f i g u r e  f o r  Connect icut .  Garlough 
(1944) descr ibed an orchard  near Charleston, West V i r g i n i a ,  i n  which 
one thousand 18-year -o ld  t r ees  were k i l l e d  by  p ine  voles.  
Pine v o l e  damage t o  apple t r e e s  i s  u s u a l l y  conf ined t o  subsurface 
r o o t  des t ruc t i on  i n  c o n t r a s t  t o  sur face t runk g i r d l i n g  b y  meadow vo les  
(M ic ro tus  ennsylvanicus).  Larger r o o t s  a re  f r e q u e n t l y  comple te ly  
s t r i pped  o f  5-T-a- ar an cambium w h i l e  smal le r  r o o t s  are e n t i r e l y  c u t  away. 
HISTORICAL REVIEW 
Taxonomy and D i s t r i b u t i o n .  One member o f  t h e  genus Microtus,  subgenus 
Pitym,ys, occurs i n  t h e  Un i ted  States.  The subgenus conta ins  two 
spec ies  and s i x  subspecies. Only two o f  these subspecies, y. e. 
p inetorum and M. e. scalopsoides a re  considered w i t h i n  t he  scope of 
t h i s  repo r t .  The former  occurs f rom V i r g i n i a  south t o  Georgia and 
Alabama and west t o  I l l i n o i s .  The l a t t e r  occurs from V i r g i n i a  n o r t h  
i n t o  New England, west i n t o  Iowa, and thence south t o  Kentucky ( H a l l  
and Kelson 19591. 
Reproduction. The 1  i t e r a t u r e  c l e a r l y  def ines  a  r e l a t i v e l y  low repro-  
d u c t i v e  p o t e n t i a l  f o r  p i ne  voles.  Embryo counts f r om numerous s tud ies  
i n d i c a t e  a  mean l i t t e r  s i z e  o f  approximately two w i t h  a  maximum o f  
f o u r  (Hamil ton 1935, Richmond and Roslund 1949, G i f f o r d  and Whitehead 
1951, Roberts and E a r l y  1952, H o r s f a l l  1963, M i l l e r  and Getz 1969, 
Paul 19701. The breed ing season appears cont inuous f rom about February 
t o  October-November th roughout  t he  range o f  t h e  p ine v o l e  (Hamil ton 
1935, Benton 1955, M i l l e r  and Getz 1969, Paul 19701. The annual peak 
i n  breed ing a c t i v i t y  occurs i n  September-October. Recent evidence 
p rov ided  by H o r s f a l l  119631 and Richmond e t  a l .  (19771 i n d i c a t e s  
females were pregnant each month o f  t h e  year.  Thus, i t  appears t h a t  
t h e  du ra t i on  o f  t h e  breed ing season may be c o n t r o l l e d  by  geographic 
and phys ioqraph ic  i n f l uences  and o t h e r  environmental  f a c t o r s .  Paul 
(1970) repo r ted  a  p o t e n t i a l  o f  up t o  12.5 l i t t e r s  female/year. The 
e s t a t i o n  p e r i o d  f o r  c a p t i v e  females i s  approximately 24 days 
!K i r kpa t r i ck  and Va len t i ne  19701. 
Popu la t ion  S t ruc tu re .  Pine v o l e  sex r a t i o s  have been repo r ted  as 1:1, 
and du r i ng  the  sumner months 45 percent  o f  t h e  popu la t i on  cons i s t s  o f  
subadu l ts  and young ( M i l l e r  and Getz 1969, Paul 1970). Extreme v a r i -  
a t i o n s  i n  bo th  r a t i o s  were noted depending on popu la t i on  dens i ty ,  
r ep roduc t i ve  a c t i v i t y ,  and t ime o f  year. 
Longev i ty .  The low s u r v i v a l  t ime f o r  p ine  vo les  i s  descr ibed by  
Richmond and Roslund 119491, G i f f o r d  and Whitehead (19511, Roberts and 
E a r l y  '19521, Conner (1960), 19661, and Gentry (1968). M i l l e r  and 
Getz (1969) show t h a t  o n l y  about 19 percent  o f  males and females were 
recaptured 3 months a f t e r  t h e i r  f i r s t  capture.  Hayne f1977), i n  h i s  
p r o j e c t i o n  o f  s u r v i v a l  r a t e s  over  t ime, suggests t h a t  a  popu la t i on  o f  
p i n e  vo les  would be e l im ina ted  (reduced t o  I percent  o f  i t s  o r i g i n a l  
s i z e \  i n  about 330 days--assuming no recru i tment .  The average and 
maximum s u r v i v a l  t imes shown b y  M i l l e r  and Getz (1969) was 2-6 months 
and 17 months, r e s p e c t i v e l y ,  s i m i l a r  t o  those descr ibed by  Bu r t  (1940) 
and S t i c k e l  and Warbach (1960). 
Popu la t ion  Cycles and F luc tua t i ons .  Pine v o l e  popu la t i ons  have been 
descr ibed as c y c l i c ,  h u t  t h e r e  have been few long-term s tud ies  spe- 
c i f i c a l l y  designed t o  s tudy t h i s  phenomenon and t h e  pub l ished data  are  
somewhat con t rad i c to ry .  Hamil ton (1935, 19381 c i t e s  t h ree  ins tances 
where p ine  v o l e  popu la t i ons  d r a s t i c a l l y  decreased o r  increased d u r i n g  
pe r i ods  o f  2-5 years. He a t t r i b u t e d  these f l u c t u a t i o n s  t o  c y c l i c  
behavior.  Benton (19551, however, found no evidence o f  c y c l i c  tend- 
enc ies  du r i ng  h i s  study. Annual f l u c t u a t i o n s  i n  popu la t i on  d e n s i t y  
a re  descr ibed b y  Benton (19551, Gentry (19681, M i l l e r  and Getz (1969), 
Paul (1970\ and G e t t l e  11975). Popu la t ion  d e n s i t y  va r i ed  w ide l y  
w i t h i n  and between s p e c i f i c  l oca les  and appeared t o  be r e l a t e d  t o  
i n t e r a c t i o n s  between environmental  cond i t i ons  and i n t r i n s i c  f a c t o r s .  
For example, G e t t l e  (19751 found t h a t  p ine v o l e  popu la t i ons  i n  
Pennsylvania were h ighes t  bu t  l e s s  mob i l e  i n  t h e  f a l l  and lowest  and 
more mob i l e  i n  t h e  spr ing .  
Popu la t ion  Densi ty.  Accurate es t imates  o f  p i ne  vo les  per  u n i t  area i n  
orchards are d i f f i c u l t  t o  p r o j e c t  because h a b i t a t  f a c t o r s  (topography, 
s o i l  type, s o i l  mo is tu re )  can have a  s i g n i f i c a n t  impact on d i s t r i b u -  
t i o n .  H o r s f a l l  (1951, 1964) es t imated vo le  dens i t y  a t  c l ose  t o  80 per  
acre  [approx imate ly  2 per  t r e e )  i n  a  h e a v i l y  i n f e s t e d  orchard  i n  
V i r q i n i a .  Hamil t on  (19381 es t imated p o p ~ ~ l a t i o n s  as h i g h  as 200-300 
per  acre  i n  an app le  o rcha rd  i n  New York. Popu la t ion  d e n s i t i e s  i n  
non-orchard or  na tu ra l  h a b i t a t s  (mixed wood1 ands) are no rma l l y  
s i g n i f i c a n t l y  l ess  than t h a t  found in -orchard  ( S t i c k e l  and Warbach 
1960). Thus, i t  appears t h a t  t h e  orchard  environment prov ides p i n e  
vo les  an optimum h a b i t a t  w i t h  maximum c a r r y i n g  capac i ty .  A s i n g l e  
burrow system no rma l l y  p rov ides  space f o r  one t o  t h r e e  p ine  voles,  
a l teouqh Byers (1.977) found extremes o f  up t o  22 vo les  per t r e e  i n  
V i r g i n i a .  Byers a l s o  observed t h a t  under se r i ous  damage s i t u a t i o n s  it 
was n o t  uncomnon t o  f i n d  up t o  10 percent  o f  t h e  t r e e s  ha rbo r i ng  e i g h t  
or  more p i n e  voles.  
H a b i t a t  (o rchard  on ly ) .  Pine vo les  a re  b a s i c a l l y  f o s s o r i a l .  Burrows, 
1 t o  2 inches i n  dizmeter,  are g e n e r a l l y  ve ry  shallow, u s u a l l y  no more 
than 3 o r  4 inches deep b u t  occas iona l l y  may a t t a i n  a depth o f  a f o o t  
o r  more. The deeper zones o f  t h e  burrow system are u s u a l l y  con f i ned  
t o  t h e  t r e e  t r u n k  area. Nests and food caches are  u s u a l l y  found i n  
these deep systems (Byers 1977). Surface and subsurface runways are  
u s u a l l y  con f i ned  w i t h i n  t h e  d r i p l i n e  o f  i n d i v i d u a l  t rees .  On t h e  
sur face,  t h e  presence o f  p i n e  vo les  i s  i n d i c a t e d  by  t r a i l s ,  p a r t i a l  
tunne ls ,  mounds o f  s o i l  a t  t h e  t e rm ina l s  o f  a c t i v e  burrows, v e r t i c a l  
and near h o r i z o n t a l  burrow openings, and, a l l  too f r equen t l y ,  dead o r  
dy ing  app le  t rees .  
Movement and A c t i v i t y  Patterns.  Studies o f  p ine  v o l e  movements have 
centered around home range and d a i l y  movement pa t te rns .  Horsf  a l l  
(19561 noted 1/4 acre as a maximum home range i n  V i r g i n i a  app le  
orchards, b u t  considered t h e  average much smal ler .  F i t c h  f1958) 
repo r ted  t h a t  70 percent  o f  t h e  p ine  v o l e  recaptures  occurred w i t h i n  
10 yards  o f  p rev ious  captures.  S t i c k e l  and Warbach f1960), i n  a wood- 
1 and h a b i t a t ,  recorded movements o f  l e s s  than 40 yards f o r  14 o f  16 
p i n e  vo les  captured fou r  or  more t imes. M i l l e r  and Getz f1969) noted 
t h e  average maximum diameter o f  home ranges [g rea tes t  d i s tance  between 
captures  co r rec ted  f o r  t r a p  spacing) as 32.7 t o  33.7 meters f o r  females 
and males, r e s p e c t i v e l y .  Paul 119701 observed t h a t  t h e  home range and 
movement of p i n e  vo les  was r e l a t e d  t o  t r e e  spacing w i t h  co lon ies  o f  
mice occupying a one t o  f o u r  t r e e  area in t rarow.  This observat ion  was 
expanded on by S u l l i v a n  (1977) who found t h a t  an average o f  about 40 
percent  o f  t h e  p i n e  vo les  were captured i n  more than one row o f  t r ees ,  
and 13 percent  i n  more than two rows w i t h  l i n e a r ,  i n t r a r o w  movements 
o f  up t o  1.20 f e e t .  
Whi le  p ine  vo les  spend a cons iderab le  t i m e  underground, they  are 
e a s i l y  t rapped f rom su r face  runways. A c t i v i t y  pe r i ods  are about 
e q u a l l y  d i v i ded  hetween day and n i g h t  b u t  are sub jec t  t o  m o d i f i c a t i o n s  
r e l a t e d  t o  e x t r i n s i c  cond i t i ons  ( M i l l e r  and Getz 1969, Paul 1970). 
L i m i t i n g  H a b i t a t  Factors.  Hard,y 11945) found t h a t  s o i l  t e x t u r e  had a 
d i s t i n c t  e f f e c t  on t h e  l o c a l  d i s t r i b u t i o n  o f  mamnals. e s o e c i a l l v  t h e  
bur rowing o r  f o s s o r i a l  forms. Al though op in ions var;, a' conse&us 
i n d i c a t e s  t h a t  s o i l  t ype  ( l i g h t  s o i l s  and humus), r a t h e r  than t h e  com- 
p o s i t i o n  and d e n s i t y  o f  t h e  veqe ta t i ve  unders tory ,  i s  t he  most impor- 
t a n t  f a c t o r  i n  determin ing t h e  occurrence and d i s t r i b u t i o n  o f  p i ne  
vo les  (Hansen 1946, Jameson 1949, N e i l 1  and Boyles 1.355, Foreman 1956, 
Paul 1970). S tud ies  by  F i she r  (1976) suggest t h a t  p ine  vo les  r e q u i r e  
s o i l s  w i t h  g rea te r  t han  35 percent  gravel ,  20 percent  c l a y  and 25-48 
pe rcen t  sand. 
M i l l e r  and Getz (1969) concluded t h a t  t h e  d i s t r i b u t i o n  o f  p i ne  vo les  
was e s s e n t i a l l y  r e s t r i c t e d  t o  moist ,  we l l  d ra ined s i t e s .  Paul (1970) 
a l so  exp lored the  p o s s i b i l i t y  t h a t  s o i l  mo is tu re  was a  c r i t i c a l  f a c t o r  
i n  s i t e  s e l e c t i o n  b y  p i n e  voles,  i.e., areas where t r a p  success was 
h i g h  d u r i n g  wet per iods  y ie lded  poor t r a p  response du r i ng  t h e  d ry  
season. Benton 11955) and Paul 11970) a t t r i b u t e d  t h i s  low t r a p  suc- 
cess t o  v e r t i c a l  downward m ig ra t i on .  However, i t  i s  p o s s i b l e  t h a t  
n a t u r a l  m o r t a l i t y  and/or 1  a t e r a l  m ig ra t i on  might a1 so have occurred. 
Food Hab i t s  Preferences and N u t r i t i o n .  The l i t e r a t u r e  on p ine  v o l e  
food h a b i t s  dates back over  100 years; however, t o  t h e  present  day, 
few if any long-term s tud ies  have been conducted t o  develop a  com- 
prehens ive  p i c t u r e  o f  i n t e r - i  n t ra-orchard  d ie t s ,  preferences, n u t r i -  
t i o n  and seasonal v a r i a t i o n  i n  t h e  d i e t .  I n i t i a l  i n v e s t i g a t i o n s  
{Audubon and Bachman 1851) mentioned peanuts and seeds o f  grama grass 
(Bouteloua spp. ) as d i e t a r y  components. Underground p l a n t  p a r t s  a re  
f r e q u e n t l y  mentioned as p r e f e r r e d  foods (Quick and B u t l e r  1885, Hahn 
1908, Schmidt 1931). Perhaps t9e f i r s t  re ference t o  bark damage was 
noted h y  Kennecott  (1857). Whi le some authors f e l t  t h a t  p i ne  voles 
f e d  m a i n l y  on succu lent  r o o t s  and tubers  (Hamil ton  1938), more recen t  
add i t i ons  t o  t h e  l i t e r a t u r e  show t h a t  d i e t  i s  more var iab le ,  i n c l u d i n g  
bo th  above- and be1 ow-ground p l a n t  pa r t s .  I n d i c a t i o n s  o f  o p p o r t u n i s t i c  
feed ing were descr ibed b y  G i f f o r d  and White9ead (1951) who repo r ted  
vo les  w i t 9  s ta ined  abdominal w a l l s  f rom e a t i n g  p i kehe r r i es ,  w h i l e  t he  
f l e s h  o f  another group o f  vo les  smel led s t r o n g l y  o f  w i l d  onion ( A l l i u m  
sppl .  Benton 119551 s ta ted  " t he  orchard  p ine  mouse appears t o  subs i s t  
l a r g e l y  on grass r o o t s  and stems du r i ng  the  sumner, f r u i t  and seeds 
d u r i n g  t h e  f a l l ,  and bark,  r o o t s  and p o s s i b l y  s tored food du r i ng  t h e  
w in te r . "  Benton a l s o  repor ted t h a t  t h e  normal d i e t  conta ined on l y  
smal l  amounts o f  animal mat ter ,  ye t  Sim 11934) found t h a t  vo les  r e a d i l y  
accepted 1  arvae o f  Japanese b e e t l e  ( P o p i l l i a  japon ica) .  Various 
sources i n d i c a t e  t h a t  app le  t r e e  r o o t s  are  n o t  a  p r e f e r r e d  food. 
K i r k p a t r i c k  and No f f s i nge r  13977) found t h a t  p ine  vo les  f e e d  p r i m a r i l y  
on ahove ground veqe ta t i on  (grasses and f o r b s )  and feed on r o o t s  o n l y  
when o the r  foods are i n  s h o r t  supply.  They found some r o o t  'apple 
t r e e )  f ragments i n  t he  stomachs t9rouqhout most o f  t h e  year b u t  l a r g e r  
amounts (7  t o  14 percent  o f  t h e  i d e n t i f i a b l e  epidermal m a t e r i a l )  were 
found on1 y du r i ng  t h e  January-March per iod .  Th is  observat ion  tends t o  
i s o l a t e  t 9 e  w in te r  months as t h e  major  p e r i o d  o f  app le  t r e e  damage by  
p ine  voles.  
Evidence o f  food caching by p ine vo les  i s  c o n f l i c t i n g ,  b u t  most 
authors tend t o  agree t + a t  p ine vo les  cache roots tocks ,  stems, and 
leaves i n  bo th  orchard  and n a t u r a l  hah i t a t s .  
Recent s tud ies  5 y  Nof f s i nge r  (19761 and Estep e t  a l .  f1977) i n d i c a t e  
t h a t  well-managed orchards prov ide p ine  v o l e  popu la t i ons  w i t h  an i d e a l  
h a b i t a t  f r om t 9 e  s tandpo in t  o f  n u t r i t i o n .  They found t h a t  w h i l e  body 
f a t  l e v e l s  were n o t  c o n s i s t e n t l y  d i f f e r e n t  hetween managed and aban- 
doned orchards,  t h e r e  was a  marked d e c l i n e  i n  f a t  s to res  dur ing  t h e  
autumn mont3s i n  ahandoned orchards.  The d r y  weights and percent  
d i g e s t i b l e  energy o f  the stomach contents  were markedly lower i n  vo les  
f rom abandoned orchards, e s p e c i a l l v  du r i ng  t h e  e a r l y  autumn. 
Behavior. Basic and app l i ed  s tud ies  o f  p ine  v o l e  behav ior  are almost 
nonex is tent .  A sampl ing f rom t h e  l i t e r a t u r e  shows t + a t  a l l  behav io ra l  
research i s  keyed t o  two phenomena--inter-species assoc ia t i ons  ( F i t c h  
1958, Calhoun 1954, 1964, Paul 1970) and i n t ra -spec ies  antagonism 
{K imbal l  1972). 
CONTROL METHODS 
L i t t l e  e f f o r t  was expended t o  develop ways and means t o  c o n t r o l  
p i ne  vo les  ( o r  damage) u n t i l  1934 when t h e  U.S. F i s h  and W i l d l i f e  
Serv ice  i n i t i a t e d  a  program t o  eva luate  t ox i can ts ,  b a i t s  and b a i t i n g  
techniques. Much t ime and e f f o r t  +as been spent on t b i s  avenue o f  
research by  t h e  Federal  government and o the r  agencies and groups w i t h  
few e f f o r t s  made t o  g a i n  a  b e t t e r   understanding o f  t h e  p ine  vo le /  
o rchard  problem. I n  recent  years t h e  i n i t i a t i v e  f o r  b a s i c  and app l i ed  
research and t+e development and eva lua t i on  o f  new c o n t r o l  methods has 
s h i f t e d  f rom t h e  USFWS IDWRC) t o  o the r  agencies, p r i m a r i l y  s t a t e  
u n i v e r s i t i e s  and Cooperat ive W i l d l i f e  Research U n i t s  i n  t h e  problem 
area. 
Many p u b l i c a t i o n s  d e t a i l  ways and means o f  c o n t r o l l i n g  p ine  vo les  
w i t h  po ison b a i t s ,  most u t i l i z i n g  m a t e r i a l s  such as z i n c  phosphide, 
chlorophacinone (Rozo l l  and diphacinone (Ramik Brown) on e i t h e r  g r a i n  
o r  cubed apple c a r r i e r s  fOINeal 1977, Byers 1977). When p r o p e r l y  ca r -  
r i e d  out ,  these methods can be e f f e c t i v e ,  o f f e r i n g  temporary r e l i e f  
( T i e t j e n  1969, Byers 1977). However, f i e l d  t r i a l s  employing these 
agents i n d i c a t e  t ha t ,  w h i l e  t h e y  are e f f e c t i v e  i f  used on a  cons i s ten t  
bas is ,  they  a l l  s u f f e r  f rom ce- ta in  comnon weaknesses--(l) t ime-cost  
economics, ( 2 )  lack  o f  t r a i n e d  and dedicated app l i ca to rs ,  and 131 
i nhe ren t  use 1  i m i t a t i o n s  ( i f  app l i ed  mechan ica l ly ) .  These shortcom- 
i n g s  r e s t r i c t  general  acceptance and use o f  t o x i c  b a i t s  i n  many areas. 
The development o f  end r i n  as an area spray f o r  c o n t r o l l i n g  p ine  
vo les  (Horsf  a l l  1954, 2956 1 has a l s o  rece i ved  much pub1 i c i t y - - a t  l e a s t  
95 p u b l i c a t i o n s  d e a l i n g  d i r e c t l y  w i t h  t h e  p ros  and cons o f  i t s  use i n  
orchards  and c o n i f e r  p lan ta t i ons .  The technique has met w i t h  ques- 
t i  onable success. Hayne 11970) concluded t h a t  endr i  n  ground spray f o r  
t h e  c o n t r o l  o f  p i ne  vo les  . . . "may on occasion reduce a c t i v i t y  i n  
orchards." The reasons f o r  t h e  f a i l u r e  o f  end r i n  under c e r t a i n  cond i -  
t i o n s  a re  n o t  r e a d i l y  apparent; however, bo th  e n d r i n  res i s tance  i n  
some popu la t i ons  (Webb and H o r s f a l l  1967, Byers 1977) and t h e  charac- 
t e r i s t i c s  o f  t h e  v e g e t a t i v e  ground cover (Webb and H o r s f a l l  1969) have 
an impact on t h e  e f f ec t i veness  o f  t h i s  con tac t  t ox i can t .  H o r s f a l l  
f u r t h e r  speculated t h a t  t h e  occurrence. and abundance o f  p i ne  vo les  i s  
regu la ted  by  ground cover type, and t h a t  end r i n  spray t reatment i s  
i n e f f e c t i v e  i n  heavy grass cover becauss grasses are  n o t  a  p r e f e r r e d  
food. A d d i t i o n a l  d i f f i c u l t i e s  w i t h  end r i n  may he encountered i n  t h e  
fo rm o f  res idues  on f r u i t  and hazards t o  nontarget  species. Numerous 
recomnendations aga ins t  i t s  use i n  orchards appear i n  t h e  1  i t e r a t u r e  
{Ead ie  1957, Hamil t on  1966, Small 1958, F i t zwa te r  1953, MacNay 1965). 
I n  s p i t e  o f  t h e  many problems assoc ia ted w i t h  t h e  use o f  endr in,  many 
growers f e e l  it prov ides t h e i r  main (and on l y )  l i n e  o f  defense aga ins t  
p ine  v o l e  damage and i t  i s  s t i l l  used i n  some apple growing reg ions 
du r i ng  t h e  dormant season. However, t h e  f u t u r e  o f  end r i n  i s  i n  doubt 
s i nce  i t  i s  under Rebut tab le  Presumption Against  R e g i s t r a t i o n  by  t h e  
EPA (Marklev 19771, and o the r  methods o f  c o n t r o l  are u r g e n t l y  needed. 
New c o n t r o l  techniques have been under eva lua t i on  i n  recen t  years 
and i n c l u d e  t h e  use o f  an t i coagu lan t - t r ea ted  b a i t s  (e.g., ch lorophac i -  
none { ~ o z o l ) ,  d ipbacinone {Ramick Brown), I C I  581, and LM 637), a n t i -  
coagu lant  area sprays, se lec ted he rb i c i des  t o  e l i m i n a t e  p r e f e r r e d  
foods (Byers 1977, Young 1977), and var ious  c u l t u r a l  techniques 
m o d i f y i n g  orchard  f l o r a  t o  des t roy  o r  enhance v o l e  h a b i t a t  fe.g., 
es tab l ishment  o f  b u f f e r  foods) .  
RESEARCH NEEDS 
V i t a l  q u a n t i t a t i v e  i n fo rma t i on  about t h e  p ine  v o l e  problem i s  
1  ack ing because pas t  research has emphasized chemical c o n t r o l .  The 
1  ong-heard c o n t e n t i  on 5y  some o r c h a r d i s t s  and s c i e n t i s t s  t h a t  research 
need o n l y  p rov ide  an e f f e c t i v e  chemical t o  k i l l  p ine  vo les  has i n  
recent  vears been l a r g e l y  rep laced by t h e  r e c o g n i t i o n  t h a t  t h e  p i n e  
v o l e  problem may be v e r y  amenable t o  nonchemical c o n t r o l  metbods. Only 
w i t h i n  t h e  pas t  few years has t h e  Se rv i ce  prov ided funds t o  u n i v e r s i -  
t i e s  f o r  s tud ies  on t h e  ecology o f  t h e  p ine  v o l e  problem. These 
s tud ies ,  though l i m i t e d  i n  scope, suggest t h a t  nonchemical c o n t r o l  
metbods may be v e r y  promising. 
The l i m i t e d  and d i s rup ted  d i s t r i h u t i o n  o f  p ine  voles,  bo th  sea- 
s o n a l l v  and geograph ica l ly ,  i n d i c a t e s  t h a t  t h i s  species i s  not  r e a d i l y  
adaptable t o  a  wide range o f  h a b i t a t  tvpes o r  cond i t i ons .  I f  t h e r e  
are c e r t a i n  f a c t o r s  t h a t  are 1  i m i t i n g  t h e  occurrence and abundance o f  
p i n e  vo les ,  and they can be detected, we may be ab le  t o  e x p l o i t  t h i s  
know1 edge t o  adversely a f f e c t  p i ne  v o l e  popu la t ions  by  man ipu la t i ng  
t h e i r  q a b i t a t .  Future  p ine  v o l e  research, t he re fo re ,  should b e  broad 
i n  scope and i nc lude  s tud ies  o f  t h e  economics o f  damage, p ine  v o l e  
b i o l o g y ,  phvs io loqy,  $ehavior,  movements, and h a b i t a t  requirements, as 
we l l  as t h e  developllent o f  c o n t r o l  methods. 
Economics o f  Damage/Damage Assessment 
Economic data  on t q e  impact o f  p i ne  vo le  damage t o  apple orchards 
are incomplete;  however, we do know t h a t  p ine vo les  are  causing i n t o l -  
e rab le  losses t o  o rcha rd i s t s .  Cur rent  l o s s  f i g u r e s  probab ly  are con- 
servat ive ,  s i nce  they are 5ased p r i m a r i l y  on t h e  cos ts  o f  t r e e  rep lace -  
ment and do not  r e f l e c t  d e c l i n i n g  y i e l d s  f rom vole-damaged t rees  over 
t h e  severa l  vears p r i o r  t o  replacement. Th is  lack  o f  q u a n t i t a t i v e  
damage data  i s  due t o  inadequate techniques f o r  measuring d e c l i n i n g  
y i e l d s  r e s u l t i n g  f rom subterranean damage t o  t r e e  r o o t s .  The develop- 
ment o f  a  technique t o  assess damage p r i o r  t o  replacement, p o s s i b l y  by 
p h v s i o - e l e c t r i c  measurement o f  t r e e  v igo r ,  i s  needed. Such damage 
assessment data  would prov ide:  (1  ) more r e l i a b l e  es t imates  o f  losses, 
1 3 )  a  b a s i s  f o r  de termin ing cost -benef i  t r a t i o s  o f  new c o n t r o l  meth- 
ods, (3)  a  method by  whicb t h e  o r c h a r d i s t  and researcher cou ld  de te r -  
mine the  e x t e n t  o f  i n f e s t a t i o n  w i t h i n  an orchard be fo re  ex tens i ve  t r e e  
l o s s  occurs, and 141 a  measure o f  e f f i c a c y  o f  exper imental  and cur-  
r e n t l y  used methods o f  p ine  v o l e  damage c o n t r o l .  
Ecology 
Pihe Vole/Meadow Vole Re1 a t i onsh ip .  Because p ine  and meadow vo les  
o f t e n  o c c u ~ y  t h e  same orchards,  t h e  r e l a t i o n s h i p s  between t h e  two spe- 
c i e s  i s  o f  p a r t i c u l a r  i n t e r e s t .  F i e l d  s tud ies  are  needed t o  determine 
what occurs when one o f  these species i s  e l im ina ted  f rom an orchard. 
Data a re  needed on t h e  i n t e r a c t i o n s  between p ine  and meadow vo les  and 
on t h e  changes i n  t h e  numbers and d i s t r i b u t i o n  o f  these species t h a t  
may occur th roughout  t h e  vear. Wi thout  knowledge o f  t h e  interdepend- 
encies o f  these species, c o n t r o l  measures may r e s u l t  i n  an even 
g rea te r  prohlem by  improv ing t h e  h a b i t a t  f o r  t h e  s u r v i v i n g  species. 
For example, t h e  c o n t r o l  o f  meadow vo les  i n  some orchards may have 
r e s u l t e d  i n  more severe p ine  v o l e  problems. 
Hab i t a t .  Research f i n d i n g s  i n d i c a t e  t h a t  c u l t u r a l  p rac t i ces ,  s o i l  
t v p e  [e.g., amounts o f  c lay ,  g rave l ,  sand, and humus), and composi t ion 
o f  unde rs to ry  vege ta t i on  are c o r r e l a t e d  w i t h  t h e  occurrence and d i s -  
t r i b u t i o n  o f  p i ne  vo les .  The occurrence o f  p ine vo les  a l s o  has been 
observed t o  be v i r t u a l l y  r e s t r i c t e d  t o  a c t i v e  apple orchards, and t h a t  
t h e i r  numbers a re  g r e a t l y  reduced o r  t hey  are absent i n  abandoned 
orchards.  Comparative i n t e r -  and i nt ra-orchard  s tud ies  are needed t o  
b e t t e r  d e f i n e  v o l e  h a b i t a t  requirements.  Such i n fo rma t i on  may p rov ide  
c lues  t o  ways o f  reduc ing p i n e  v o l e  popu la t ions .  
Food Habits.  The meager data  a v a i l a b l e  about p ine v o l e  food 
h a b i t s  i n d i c a t e s  t h a t  p i n e  vo le  dens i t y  dec l i nes  i n  orchards t r e a t e d  
f o r  severa l  years w i t h  he rb i c i des .  Grasses, when ava i l ab le ,  c o n s t i -  
t u t e  t h e  bu lk  o f  t'le vo le  d i e t .  The dependency on grasses a l so  may be 
t h e  cause o f  a  dec l i ne  o r  disappearance o f  p ine vo les  i n  abandoned 
orchards, which g e n e r a l l y  e x h i b i t  increased f o r b  dens i t y  and a  decrease 
i n  grasses. The r e l a t i o n s h i p  between h igh  p ine  v o l e  d e n s i t i e s  and the  
r a t i o  o f  grasses t o  f o r b s  requ i red  t o  ma in ta in  these h i g h  popu la t i on  
l e v e l s  i s  n o t  c l e a r  and r e q u i r e s  study. Studies o f  v o l e  food h a b i t s  
and t h e  e f f e c t s  o f  he rb i c i des  on orchard  vegeta t ion  are  needed i n  a  
wide v a r i e t y  o f  orchards w i t h  d i ve rse  vege ta t i ve  c o m p o s i t i o ~  and 
c u l t u r a l  p rac t i ces .  Such research has good p o t e n t i a l  f o r  p roduc ing 
low-cost c o n t r o l  methods. 
D i s t r i b u t i o n  o f  Voles i n  Orchards. The d i s t r i b u t i o n  o f  p i ne  vo les  
and assoc ia ted v e r t e b r a t e  fauna i n  orchard h a b i t a t  i s  no t  we l l  docu- 
mented. For  exam~ le .  Dine and meadow vo les  do n o t  u s u a l l y  i n h a b i t  t h e  
. - .  
basal  area o f  t he  same t ree.  Knowing t h e  d i s t r i b u t i o n  o f -  bo th  species 
i n  orchards,  t oge the r  w i t h  damage and popu la t i on  data, would p r o v i d e  a  
b a s i s  f o r  o p t i m i z i n g  c o n t r o l  techniques. 
Behavior and Phys io logy 
We are handicapped b y  our lack  o f  knowledge about t h e  behav ior  and 
phys io loqy  o f  p i n e  voles.  The 1  im i ted  h a b i t a t  and f o s s o r i a l  ex i s tence  
o f  p i ne  vo les  i n d i c a t e s  a  f i n e l y  tuned physiological-5ehavioral order.  
The d i s tu rbance  o f  t h i s  o rde r  cou ld  r e s u l t  i n  a  reduc t i on  o f  t h i s  pes t  
species. Sensorv systems, such as o l f a c t i o n ,  perhaps i n  r e l a t i o n  t o  
rep roduc t i on  o r  t h e  i d e n t i f i c a t i o n  o f  foods or  o f  o ther  i n h a b i t a n t s  
w i t h i n  t h e  community, would seem t o  o f f e r  a  reasonable s t a r t i n g  p o i n t  
f o r  such i n v e s t i g a t i o n s .  The sporad ic  a c t i v i t y  o f  vo les  may be cued 
by environmental  f ac to rs .  The i d e n t i f i c a t i o n  o f  these behav io ra l  cues 
may show t h a t  they  are amenable t o  d i s rup t i on .  T h i s  area of i n q u i r y  
i s  so broad and unexplored t h a t  v i r t u a l l y  any p o i n t  o f  i n v e s t i g a t i o n  
cou ld  l ead  t o  t h e  development o f  c o n t r o l  methods. 
Movements 
Seasonal. Al though d a i l y  movements and home ranges have been 
f a i r l y  we l l  determined, seasonal movements have not  been i nves t i ga ted .  
Theor ies rega rd ing  t h e  v e r t i c a l  and h o r i z o n t a l  movement o f  p ine  vo les  
i n  response t o  c l i m a t i c  s t resses fsumner and w i n t e r )  are specu la t ive .  
However, i t  seeems reasonable t h a t  extremes i n  s o i l  mo is tu re /  
temperature, and c l i m a t i c  cond i t i ons  cou ld  be important i n  i n i t i a t i n g  
movements. Data on t h e  i n f l u e n c e  o f  c l i m a t i c a l l y  induced s t ress  and 
i t s  r e s u l t i n g  e f f e c t s  on t h e  p i n e  vole,  whether i t  be movement, mor- 
t a l i t y ,  o r  o the r  behavior,  w i l l  y i e l d  va luab le  knowledge about t h e  
pe r i ods  of g r e a t e s t  vu l  n e r a b i l i t y  t o  con t ro l .  
Imniqrat ion/Emi r a t i o n .  We do no t  know t h e  ex ten t  and d is tances 
i n v o l v e d  i n  v o l e  i z i g r a t i o n  and emigra t ion  i n t o  and from s tab le  (non- 
c o n t r o l l e d  popu la t ions ,  areas where popu la t i ons  are  suppressed, o r  
areas adjacent t o  suppressed areas. The i n t e r -  and i ntra-behavi  o r  
between p ine  v o l e  r e s i d e n t s  and imnigrants  i s  n o t  known. Knowledge of 
movements and assoc ia ted behav ior  would p rov ide  data  f o r  determin ing 
t h e  frequency o f  a p p l i c a t i o n  o f  c o n t r o l  methods and f o r  determin ing 
t h e  need f o r  e i t h e r  separate o r  simultaneous c o n t r o l  o f  p i n e  vo les  
and/or meadow voles.  
Popu la t i on  Dynamics 
Popu la t ion  Density/Damage Po ten t i a l .  Orchards have been observed 
where h i g h  v o l e  popu la t i ons  do no t  cause s i g n i f i c a n t  damage. Con- 
ve rse l y ,  i n  o t h e r  orchards, major  problems have been caused b y  on l y  a  
few animals. S tud ies  are needed, t he re fo re ,  t o  determine t h e  r e l a -  
t i o n s h i p  between p ine  v o l e  d e n s i t i e s  and the  amount o f  v o l e  damage a t  
va r i ous  seasons o f  tcle year.  
C y c l i c  Pat terns .  
p a t t e r n  t o  p i n e  voles,  
b a s i c  a s ~ e c t  o f  ~ i n e  v 
Some i n v e s t i g a t o r s  a t t r i b u t e  a  c y c l i c  popu la t i on  
as i s  cormnon t o  o the r  m i c r o t i n e  rodents.  Th is  
' o l e  b i o l o q y  i s  o f  in tense i n t e r e s t  i n  t h e  devel-  
opment o f  c o n t r o l  methods because i f  t h i s  species i s  p r e d i c t a b l y  
c y c l i c ,  we c o u l d  p r e d i c t  damage t rends and thus op t im ize  c o n t r o l  
s t ra teg ies .  
Reproduction. Data are  needed on p ine v o l e  rep roduc t i on  p o t e n t i a l  
i n  var ious  h a b i t a t  tvpes. Th is  research i s  e s s e n t i a l  i f  we are t o  be 
ab le  t o  determine f a c t o r s  t h a t  a f f e c t  r ep roduc t i ve  p o t e n t i a l  and the  
1  ong-term e f f i c a c y  o f  new c o n t r o l  methods. 
M o r t a l i t y .  Knowledge o f  n a t u r a l  m o r t a l i t y  r a t e s  i n  p ine  v o l e  pop- 
u l a t i o n s  i s  needed t o  a i d  i n  t h e  development and eva lua t i on  o f  c o n t r o l  
s t r a t e g i e s .  Fur ther ,  t h i s  i n fo rma t i on  would be o f  va lue i n  developing 
popu la t i on  models having a  p r e d i c t i v e  value i n  t h e  development and 
a p p l i c a t i o n  o f  c o n t r o l  methods. The l i m i t e d  l i t e r a t u r e  on p ine v o l e  
l o n g e v i t y  i n d i c a t e s  t h a t  on ly  about 20 percent  o f  a  popu la t i on  l i v e s  
longer than 4 months. If t h i s  short  l i f e  span i s  t r u l y  representat ive 
of the  species ,  i t  may be possible to  iden t i fy  and u t i l i z e  causative 
agents within the environment t o  adversely a f fec t  vole l i f e  span. 
Repopul ation. Recovery of pine vole popul a t i  ons a f t e r  successful 
reductional control may r e s u l t  from accelerated reproduction in the 
resi  dual population, and a1 so, i n  par t ,  to  invasion from adjacent 
areas. This little-known aspect of pine vole population dynamics 
should be studied i n  order to evaluate proposed control methods. 
Control Methods Development 
Cultural Practices. Most invest igators  concur t h a t  pine vole den- 
s i t y  decreases when orchards are abandoned. Observations also show 
tha t  pine voles do not occur in  some act ive orchards, but will  occur 
i n  1 arge numbers in  adjacent act ive orchards. These observations sug- 
gest  the  p o s s i b i l i t y  t h a t  ce r ta in  cu l tu ra l  pract ices  are  detrimental 
t o  vole popul a t i  ons. A1 though t h e  gathering and in te rpre ta t ion  of 
these data would be a formidable task,  i t  i s  essen t ia l  t h a t  i t  be done. 
Physical Barr iers .  The most economically expedient control ,  in  
some rodent damage s i tua t ions ,  has been t o  physically r e s t r i c t  access 
t o  the  depredating species. This might involve i n s t a l  l ing voleproof 
exclosures around the perimeters of orchards. Physical bar r ie r s  may 
o f f e r  complete and economical protection over an extended period, and, 
as such, are  a control technique t o  be explored. 
Chemical Control Agents. In view of problems associated with 
d i r e c t  chemical, e.g., hazards to  nontarget species, high reg is t ra t ion  
costs ,  chemicals may be t h e  l e a s t  promising approach f o r  control l ing 
pine vole  damage. The h i s to ry  of the  Service 's  r o l e  in  pine vole 
research has followed a s ingle  basic  course consisting generally of 
the  developnent of l e tha l  ba i t s .  This approach has been only margin- 
a l l y  successful.  Chemical control research should not receive undue 
emphasis but should be an essent i  a1 par t  of an overall  research pro- 
gram. Research on chemicals should be broadened to include s tudies  of 
the  physiology of t a rge t  species to  determine i f  physiological unique- 
ness i s  preserlt t h a t  could be exploited in  the developnent of highly 
se lec t ive  chemical s t ress ing  agents. 
EPA Registration 
The developnent of a new chemical control agent t o  meet EPA 
reg i s t ra t ion  requirements current ly costs  from $4 to  $6 million per 
chemical. In view of these enormous costs ,  and the f a c t  t h a t  such 
chemicals have a 1 imited market and produce l i t t l e  p r o f i t  f o r  the  
chemical industry, most of the  fu ture  costs  of chemical developnent 
must be borne by t h e  FWS. 
PROJECT REQUIREMENTS 
The proposed research should be planned and implemented so t h a t  
the various components are  of high p r i o r i t y  and will  comprise a 
balanced and integrated research program. Research should be iden t i -  
f i e d  t h a t  would seem t o  of fe r  the most d i r e c t  route t o  problem 
solving,  and tha t  would y ie ld  data relevant t o  the e n t i r e  program. 
Once p r i o r i t i e s  are s e t ,  research docmentation should be prepared f o r  
each major area of research--problem def in i t ion ,  ecology, behavior and 
physiology, population dynamics and control methods developnent. The 
scope of the  program wil l  permit simultaneous research on each major 
area of i n t e r e s t  and provide ample funds f o r  Service pert inent  con- 
t r a c t  research. The primary goal should be the developnent of 
species-specif ic  integrated control programs t h a t  can be used 
tboughout  the range of the pine vole. 
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